Abstract: A binuclear complex [Cu 2 (tcpa) 2 (bipy) 2 (H 2 O) 3 ] (1) (H 4 tcpa = tetrachlorophthalic acid, bipy = 2,2′-bipyridine) has been synthesized and structurally characterized. Two independent Cu II centers Cu1 and Cu2 are both five-coordinated in distorted square pyramids. The tetrachlorophthalate (tcpa 2-) anions show a new coordination mode: one is monodentate at Cu1, and the other displays a bridging μ 2 -O,O″ fashion linking Cu1 and Cu2, thus forming the binuclear structure of 1. Variable-temperature magnetic susceptibility data show weak antiferromagnetic coupling between the two Cu II ions.
Introduction
At the early stage of coordination chemistry, benzene multicarboxylate ligands have been used as linkers to construct metal-organic frameworks with various topologies and potential applications [1, 2] . Recently, modification of benzene multicarboxylate by various substituent groups on the benzene ring such as -Me [3] , -NO 2 [4] , -F [5] , -Cl [6] , -Br, -OH, -NH 2 [7] has been employed. Due to the steric and/or electronic effects of the substituent groups, these modified ligands may afford new supramolecular assemblies because of their special linking types and ligandmetal interactions. Nowadays, tetrachlorophthalic acid (H 4 tcpa) has drawn much attention [8] [9] [10] [11] [12] [13] . In this paper, we describe the synthesis and crystal structure of a binuclear copper(II) compound [Cu 2 (tcpa) 2 (bipy) 2 (H 2 O) 3 ] (1) formed by H 4 tcpa and 2,2′-bipyridine (bipy) (Scheme 1), in which the tcpa 2- ligand adopts a monodentate and a new bridging μ 2 -O,O″ coordination pattern. The magnetism of 1 is briefly discussed.
Experimental section
All reagents were of A.R. grade and used without further purification. Elemental analyses for C, H and N were carried out on an Elementar Vario EL elemental analyzer. Temperature-dependent magnetic susceptibilities of solid samples were recorded on an MPMS Multivu magnetometer in the temperature range from 2 to 300 K with an applied field of 10 kOe (1 kOe = 7.96 × 10 4 A m -1 ). Pascal's constants were used to estimate the correction for the underlying diamagnetism of the sample. All data except for the magnetic data were collected at room temperature. 
Preparation of triaqua-bis

Single-crystal X-ray structure determination
A suitable blue single crystal with dimensions of 0.32 × 0.21 × 0.14 mm 3 was selected for measurement. Diffraction data of 1 were collected at 293 K on a Bruker SMART APEX II CCD diffractometer with a graphitemonochromatized MoK α radiation (λ = 0.71073 Å). A total of 43 684 reflections were collected in the range of 2.00° ≤ θ ≤ 25.50° by using the ω-2θ scan mode, of which 7474 were unique with R int = 0.0313. The structure was solved by Direct Methods [14, 15] and refined by full-matrix least squares on F 2 using the SHELXL-97 software [16, 17] . All non-hydrogen atoms were refined anisotropically. The hydrogen atoms were generated geometrically and treated by a mixture of independent and constrained refinement. The crystal data and data collection and refinement parameters for 1 are summarized in Table 1 . Selected bond lengths and bond angles are given in Table 2 . Hydrogen bond parameters are listed in Table 3 .
CCDC 1027613 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Results and discussion
Structure description for [Cu 2 (tcpa) 2 (bipy) 2 (H 2 O) 3 ] (1)
Single crystal X-ray diffraction analysis revealed that compound 1 is a binuclear species and the asymmetric unit consists of two Cu II ions, two tetrachlorophthalate (tcpa 2- ) and two bipy ligands and three coordinated water molecules. 1.24/-0.47
, where There are two crystallographically independent Cu II ions. Both Cu1 and Cu2 show distorted square-pyramidal CuN 2 O 3 geometry. Cu1 is coordinated by two nitrogen atoms (N1, N2) from one chelating bipy and two oxygen atoms (O3, O5) from two tcpa 2-anions together with one coordinated water (O11). The N1, N2, O3, O11 atoms define the basal plane with O5 at the apex (Fig. 1) . Cu1 deviates from the basal least-squares plane N1/N2/O3/O11 by 0.1876 Å toward O5. In turn, Cu2 is bonded with two nitrogen atoms (N3, N4) from one bipy ligand, one oxygen atom (O7) from one tcpa 2-as well as two water ligands (O9, O10). The N3, N4, O9, O10 atoms are in the base, while O7 occupies the apical site. Cu2 deviates from the basal leastsquares plane N3/N4/O9/O10 by 0.2291 Å toward O7. The corresponding geometric parameters of Cu1 and Cu2 basically agree with each other ( Table 2 ). The tcpa 2-ligands show a new coordination modes: one is monodentate (O3 site) at Cu1, and the other adopts a bridging function μ 2 -O,O″ (O5, O7) linking Cu1 and Cu2, with a Cu1···Cu2 distance of 7.217 Å.
There are pronounced π-π stacking interactions between the benzene ring of tcpa 2-(B) and two pyridine rings N2-C14-C15-C16-C17-C18 (P1) and N3-C27-C28-C29-C30-C31 (P2) in the crystal structure of 1. The interplanar average distance and ring-centroid separation distance for B-P1 and B-P2 are 3.341 Å, 3.472 Å and 3.340 Å, 3.504 Å, respectively. This π-π stacking apparently stabilizes the binuclear nature of complex 1.
It is noticeable that there are also three crystallographically independent coordinated H 2 O molecules (O9, O10, O11) in the unit cell. They serve as donors in intermolecular hydrogen bonds with free carboxylate oxygen atoms of tcpa 2-(O2, O8, O1, O6) as acceptors (Table 3) . Adjacent binuclear units of 1 are linked to a tetranuclear dimer by these strong O-H···O hydrogen bonds (Fig. 2) . It is supposed that the hydrogen bonds block potential oxygen donor coordination sites resulting not only in the formation of the tetranuclear dimers but also in the differences in the binding of the two tcpa 2-ligands -monodentate and bridging μ 2 .
Compound 1 is very similar to another dinuclear structure [Mn 2 (tcpa) 2 (H 2 O) 9 ]·H 2 O (1a) [13] and a coordination polymer {[Cu 2 (tcpa) 2 (H 2 O) 6 ]·2H 2 O} n (1b) [18] . Both the tcpa 2-ligands show monodentate and bridging μ 2 coordination modes in 1 and 1a. The main differences lie on the origin of the two oxygen atoms for the bridging μ 2 pattern. In 1, the two oxygen atoms come from two different carboxyl groups, while in 1a they come from the same carboxyl group (Scheme 2). Compared to 1, the tcpa 2- anions in 1b are single μ 2 ligands and form a zigzag chain structure finally.
Magnetic properties
The magnetic susceptibility of compound 1 was measured in the temperature range 2-300 K, as shown in Fig. 3 . The experimental χ M T value per Cu 2 is 0.51 cm 3 K mol -1 (μ eff = 2.02 μ B ) at 300 K, which is only slightly larger than the theoretical value 0.50 cm 3 K mol -1 (μ eff = 2.00 μ B ) for Symmetry operations used to generate equivalent atoms:
Scheme 2: The formula for the binuclear Mn II complex in [13] , in which tcpa 2- shows a different bridging μ 2 coordination mode as compared to compound 1.
two spin-only uncoupled Cu II ions. The χ M T value remains nearly constant from 300 to 50 K. As the temperature drops continuously, it quickly decreases to 0.43 cm 3 K mol , g = 2.09 and R = 2.50 × 10 -6 (based on χ M T). The small and negative J value suggests weak antiferromagnetic interactions between two Cu II ions, because the distance of the two Cu II ions (7.217 Å) is too far to propagate magnetic interactions effectively.
The cryomagnetic behavior of 1 also obeys the CurieWeiss law in the whole temperature region 2-300 K (inset in Fig. 3 ), yielding C m = 0.51 cm 3 K mol 
